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(54) Artrf icial ventilation system 

(57) An artificial ventilation system and a method for 
controlling the artificial ventilation system for obtaining 
an optimized artificiat ventilation of a lung system of a 
patient is described. Optimal artificial ventilation is 
obtained when the blood system of the patient is maxi- 
mally oxygenated and, at the same time, the negative 
influence on the cardio-pulmonary system is minimized. 
The ventilation system comprises a gas delivery unit (2) 



for delivering controllable inspiration pulses to a patient 
(4), a monitoring unit (14) for measuring at least one 
parameter related to the function of the lung system, 
such as a blood gas analyser, and a control unit for 
determining an optimal peak inspiratory pressure and 
pressure amplitude for the Inspiration pulse based on 
the measured blood gas parameter 
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Description 

[0001 ] The present invention relates to a method for 
controlling an artificial ventilation system according to 
the preamble of claim 1 and a ventilation system 
according to the preambles of clainns 11 and 12. 
[0002] It should be noted that in relation to this 
application, the tenm inspiration pulse includes all rele- 
vant parameters which in any way defines the inspira- 
tion pulse and its effect on a lung system. For example, 
the positive end expiratory pressure (PEEP) is nonmally 
set as an external overpressure on the lungs at the end 
of each expiration. However, the following inspiration 
pulse will conimence at this elevated pressure and the 
effect of the inspiration putse on the lungs is also 
dependent on PEER PEEP is therefore also a relevant 
parameter for the inspiration pulse. The same reasoning 
is valid when regarding expiration time, since the effect 
of a particular inspiration pulse is also dependent on, 
inter alia, the ratio between Inspiration time and expira- 
tion time. 

[0003] The lungs are one of the most important 
organs in a fiving being. The main function of the lungs 
is the gas exchange between the organism and the 
environment. Oxygen (O2) in the air is diffused into the 
blood system and carbon dioxide (COg) diffuses from 
the blood system to the air in the lungs. The CO2 is then 
removed from the lungs during expiration. The actual 
exchange of gas takes place in the air/fluid interface in 
the alveoli. There are about 300 million alveoli in a 
healthy human lung system, having a total area of alxjut 
100 m^. The ahreoli are enmeshed in the pulmonary 
capillary networK which fomis a fine networic of minute 
capillaries. The capillaries are so thin, that only one red 
blood cell at a time can pass through. 
[0004] As a result of injuries or disease or even due 
to artificia) ventilation (such as during anaesthesia), the 
function of the lung can be effected to such a degree, 
that the patient (normally a human being or a domestc 
animal) cannot maintain a suffident spontaneous respi- 
ration. Artificial respiration, or ventilation, must then be 
provided. The simplest and fastest way of providing arti- 
ficial respiration In acute siujations is mouth-to-mouth 
respiration. This is, however, not sufficient for prolonged 
treatment, nor for all kinds of acute illnesses. 
[0005] Mechanical artificial respiration has been 
known for a long time, for instance t>y the so called iron 
lung. The iron lung comprises a chamber which covers 
the patient up to the neck. To force the patient to inhale, 
air is pumped out of the chamber, thereby forcing the 
chest to expand. Air will then flow down into the lungs. 
The bulky chamber and the problem of having the 
patient's body completely encased, are major disadvan- 
tages for this kind of artifidal respiration, whk;h usually 
is referred to as negative pressure respiration. 
[0006] During the polio epidemic in the 1950*s a 
large number of patients were suddenly In great need 
for artificial respiration. Positive pressure respiration 



was then developed. In principal a piston pump was 
used for creating an overpressure which, via a tube and 
a breathing nnask, forced air into the patient's lungs. The 
pumps were at the beginning manually controlled, nor- 
5 malty by students, who regularty pumped air into the 
patients lungs. Mechanic driving mechanisms for the 
pump were then developed. 

[0007] Most of these first positive pressure ventila- 
tion systems controlled the tidal volume (V^) of the 

10 patient, as they forced a defined volume, i.e. the pump's 
stroke volume, into the patient's lungs during each inspi- 
ration. As long as the lungs have a good conrrpliance, 
this causes no problem. But when there are atelectatic 
regions, i.e. the lung is "stiff", the supplied volume can 

15 cause pressures within the lungs whfch hami the lung. 
The pressure difference between different regions of the 
lung may give rise to shear forces, which damage the 
lungs and prolong the recovery of the patient A high 
absolute pressure may cause neightxturing alveoli to 

20 compress an interjacent capillary and prevent the vital 
blood flow (overdistension). In severe cases, excessive 
pressure may even cause tissue rupture. 
[0008] Since then, artificial ventilation systems 
have t>een greatiy improved. In the BCs, electronteally 

2S controlled ventilators were developed, which could con- 
trol pressure and flows with higher accuracy than the 
preceding mechank; ventilators. Several new ventilation 
modes were developed, as well. 
[0009] In a modem state of the art ventilator sys- 

30 tem, such as the Servo Ventilator 300, Siemens-Elema 
AB, Sweden, the physk^ian may select among a vast 
number of ventilation modes, such as pressure control 
(PC), pressure support (PS), volume control (VC), vol- 
ume support (VS). pressure regulated volume contiiit 

35 (PRVC), continuous posrtive alnway pressure (CRAP), 
synchronized intermittent mandatory ventilation (SIMV). 
and others. Including variations of the mentioned 
modes. It is also possible to use one and the same ven- 
tilator for neonate, paediatnc and adult patients. 

40 [0010] However, only providing respiratory air to a 
patients lungs is not sufficient Since alt lung systems 
are individual and may for instance display different 
compliance and more or less atelectatic regions, any 
t^tment must be adapted to the specific patient In 

45 partcular, when using positive pressure ventilation, 
care must be taken not to supply too high pressures or 
volumes of respiratory gas, since these can cause baro- 
trauma and volutrauma. As already mentioned, overdis- 
tension and even tissue rupture within the lungs may be 

50 caused by extreme peak pressures. Another risks is 
depletion of surfectant in the alveoli, due to large tidal 
volumes (Vi) and pressure changes, end expiratory lung 
volume less than the lung's functional residual capacity 
(FRC), as well as repeated transgressions from dosed 

55 to open state. The depletion of sur^ctant causes the 
lung to stiffen. As the patient's condition changes 
(improves or deteriorates), the treatment must also 
change. Another mode could be selected or a change 
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could be made in one of the numerous parameters 
related to the inspiration pulse. The importance of mon- 
itoring the condition of the patient was therefore reafised 
at an earty stage and this area has also been devel- 
oped. 

[001 1 ] Lung mechanics were probably the first fee- 
tor to be considered by physicians when detemiining 
how to treat a certain patient By using spirometers 
combined with other instruments some lung mechanic 
parameters, such as tidal volume, residual volume and 
functional residual capacity (FRC), could be deter- 
mined. Resistance and compliance have also been 
determined for lungs, by different measurement and cal- 
culation methods. These parameters could be used by 
the physician to determine the condition of the lungs. 
Another factor which had to be taken into consideration 
was the dead space. For the nonrtal lung system the 
mouth, nose, pharynx, trachea and bronchi comprise 
the anatomic dead space. In addition to this, the tubing 
connecting the ventilation system to the patient adds to 
the dead space, thereby increasing rebreathing of 
exhaled C02-enriched gas. Thus, the CO2 also had to 
be considered in order to improve ventilation of the tung 
system and, in particular to avoid hypoventilation 
(resulting in a too high blood COg level) and hyperventi- 
lation (resulting in a too low blood CO2 level). 
[0012] Apart from these additional considerations, 
general monitoring of the condition of the patient has 
become an important tool, especially in intensive care. 
Normally, monitoring can include measurement of ECG, 
EEG, CO2, oxygen saturation (8302) and, more 
recently, partial pressure of oxygen (Pa02) and cartoon 
dioxide (PaC02) in the blood. The experienced physi- 
cian will then try to ventilate the patient in order to obtain 
certain life supporting values of these monitored param- 
eters, such as a sufficient oxygen saturation. 
[0013] For some inspiration pulse parameters, 
closed loop systems have been described, where a 
measured body function parameter is utilized in a con- 
trol system for automatically changing the inspiration 
pulse parameter. In a ventilator system described in US- 
A-5,103,B14, the measured Sa02 of the patient is used 
for controlling the percentage of oxygen in a respiratory 
gas. In other words, if the Sa02 is below a threshold 
value, a higher percentage of oxygen (FjO) will be sup- 
plied to the patient and if the 8^02 is higher than the 
threshold value, the F|0 in the respiratory gas will be 
reduced. A similar system is described in EP-A-504 
725. One major problem for these systems is: changing 
one parameter is not sufficient. For instance, if the lungs 
suddenly collapse, even an increase to 100% O2 is not 
suffident have an optimal gas exchange. 
[0014] Other attempts of automation have also 
been made. In an article entitled 'Automatic weaning 
from mechanical ventilation using an adaptive lung ven- 
tilation controller", Linton et al.. Chest 1994 Dec.; 
1 06(6): 1 843-1 850. a system for automatic weaning of a 
patient is descn'bed. The described system was auto- 



matically adapted to the lung mechanics of the patient 
on a breath to breath basis and aimed to minimize work 
of breathing, to maintain alveolar ventilation and to pre- 
vent intrinsic PEER In US-A-4,986,268 a more com- 

s plete control is aimed at Oxygen and carbon dioxide 
contents in expired air are measured and based on 
these, together with predetermined lung eiastance and 
air viscosity factors, the tidal volume (V|) and respiratory 
rate (RR) are automatically calculated and set Yet 

10 another system is described in an article entitied "An 
adaptive lung ventilation controller', by Laubscher et 
al., IEEE Trans. Biomed. Eng. 1994 Jan; 41(1):51-59. In 
this system the physician programs a desired gross 
alveolar ventilation and the control system tries to main- 

IS tain this desired level by automatically adjusting the 
mechanical rate and inspiratory pressure level. The 
adjustments are based on measurements of the 
patient's lung mechanics and series dead space. 
[0015] Although these systems may provide auto- 

20 mated system solutions for certain functions, or a cer- 
tain category of patients, they do not succeed in 
presenting full automatic control of a patient's breathing, 
irrespective of the condition of the patient and most do 
not aim at accelerating the recovery time. 

25 [001 6] All in all, there are many parameters and fiac- 
tors to consider when deciding how to apply the best 
possible artificial ventilation on a specific patient Many 
parameters relating to the condition of the patient and/or 
the tung system have been found, but the interconnec- 

30 tion between the parameters and how they should be 
utilized for optimum treatment has not been seen. Prot)- 
iems which can arise are insuffictent oxygenation, 
hypoventilation, hyperverrtilation, volutrauma, baro- 
trauma, overdisten-sion, tissue rupture, shear forces, 

35 etc. . In particular, although it has always been the pur- 
pose of obtaining an optimal artificial ventilation for a 
patient such a system has never been realized. 
[0017] US-A-4 326 513 discloses a respiration sys- 
tem and method for minimizing the oxygen concentra- 
te tion of inspiration gas supplied to a patient while 
maintaining a desired arterial oxygen partial pressure in 
the patient In order to achieve this purpose one param- 
eter at a time is changed. After each change, the P^O^, 
is measured and oxygen content FPg* altered until 

45 measured Pa02, is equal with desired PgOg. If the 
required Fi02 is higher than an upper threshold So, the 
changed parameter is returned to its previous value. If 
the Fp2. is lower than the upper threshold So, but 
higher than a lower threshold Su, that Fi02- value 

50 becomes the upper threshold for the next sequence of 
changing a parameter. The idea is therefore that by 
sequentially altering parameters and viewing the effects 
of required Fj02, to nnaintain a desired PqO^ a minimum 
F1O2 can reached. 

55 [0018] It is an object of the invention to achieve a 
method for controlling an artificial ventilation system 
and to achieve an artificial ventilation system both 
obtaining an optimal artificial ventilation for a patient. 
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considering the most relevant parameters for the condi- 
tion of the patient and aiming at an improved recovery 
time for the patient and the lung system. 
[0019] T^e object ts achieved by ttie invention in 
that the method for controlling an artificial ventilation 
system and the artificial ventilation system are devised 
according to the features of claims 1, 1 1 or 12. 
[0020] Basically, it has now been recognized that 
the vital importance of artificial ventilation is to reduce 
the pressure load on the lung system and at the same 
time achieve a sufficient oxygenation of the blood sys- 
tem. This will provide a life sustaining condition, with a 
minimum of negative effects for the patient 
[0021] In principle, the basic characteristics of the 
alveoli have to be taken into account The alveoli can be 
described with reference to the LaPlace law, i.e. 
P = 2Y/r , where P is a pressure required to sustain a 
particular radius of a bubble, y is the surface tension of 
the fluid gas interface and r is the radius of the bubble. 
A collapsed alveolus requires a relatively high pressure 
in order to begin to inflate, but as the radius increases 
when the alveolus expands, the pressure required for 
further inflation is reduced. In other words, when the 
alveoli are inflated, they will not require a high pressure 
to remain c^en. The importance of maintaining the lung 
open is described in more detail in an article entitled 
"Open up the lung and keep the lung open". Intensive 
Care MedKine, 1992, 18:319-321. The artificial ventila- 
tion system of the present invention takes advantage of 
this characteristic, extrapolated onto the whole lung, 
and combines it with a vital life supporting parameter, 
the oxygenation of the blood system. 
[0022] By minimizing the pressures supplied to the 
lung, in partk^utar peak pressure and pressure ampli- 
tude, the negative effects of the cardio-putmonary sys- 
tem, such as barotrauma, volutrauma, overdistension 
and hypoxc vasoconstriction can be minimized, if not 
completely avoided. The artificial ventilation system 
operates most efficiently in the pressure control mode, 
when the patient does not breattie spontaneously, and 
in support modes, when the patient breathes spontane- 
ously. However, other modes of operation are possible 
to appfy with the same advantageous results. For 
instance, in volume control mode the pressure could be 
measured and the supply of respiratory gas could be 
controlled so that the desired pressure parameters are 
obtained and maintained. 

[0023] For instance, the blood gas parameter whk:h 
is preferably utilized is the partial pressure of oxygen 
(Pa02)- "1^® ^3^2 9^ parameter, 

whk;h reflects the oxygenation of the blood system. 
Pa02 is better tt^, for instance, saturation of oxygen in 
blood (SgOs) or by caknjiating arterial oxygenation by 
measuring expired oxygen content This because Pa02 
varies even when the blood is fully saturated. 
[0024] The system can operate completely auto- 
matic by processing the steps of a routine since all rele- 
vant parameters can be measured automatk^ally on site. 



As will be described below, other operations are also 
possible. 

[0025] The invention also relates to a method for 
controlling the artificial ventilation system in order to 
5 obtain the optimum ventilation. The inventive method is 
described in independent daim 1 and improvements of 
the method are descnlied in the dependent claims to 
this claim. 

[0026] In one embodiment of the invention, the 

10 expiration flow can be measured in a flow meter and 
optimal settings for inspiration/expiration time ratio (l:E 
ratio) and respiration rate(RR) are determined based on 
the quotient between a determined end expiratory flow 
((^ee) 3 P^«^ expiratory flow (^p^). 

15 [0027] In another embodiment of the invention, a 
monitor screen is connected to the monitoring unit for 
displaying measured parameters. The monitor screen 
could also be connected to the control unit for displaying 
determined inspiration pulse parameters. Using a mon- 

20 itor scree n provides a perfect i nterface between til e arti- 
fk^al ventilation system and a physician. The physk^ian 
can select whether the artiflcial ventilation system 
should operate automatically and contiTil the entire ven- 
tilation of the patient itself, or if the control unit should 

25 only display the suggested new parameters on the 
screen, whereupon the physcian decides whether or 
not to use the suggested parameters for the treatment 
or diagnosis of the patient The monitor screen and 
monitoring unit may be parts of a total monitoring sys- 

30 tem for the patient For instance, in intensive care, mon- 
itoring of ECG, EEG, haemodynamc parameters, such 
as blood pressures, oxygen saturation, partial pressure 
of oxygen and carbon dioxide in the blood, oxygen con- 
sumption, cartjon dioxide production and other parame- 

35 ters can be measured and displayed on the monitor 
screen. 

[0028] In all, this provides a ventilation system 
whk:h has a great potential for all artifk:ial ventilation. In 
hospitals, the ventilator system may even be utilized as 
40 an education tool for the staff. The interface operation 
via the monitor screen presents at all stages information 
of the patients condition and how to ventilate the patient 
in each instance. 

[0029] In a furtiier enribodiment of the invention the 
45 condition of the lungs can be first determined by check- 
ing whether the lungs are collapsed or not. 
[0030] This is reflected in the partial pressure of 
oxygen in the blood. If the lungs are collapsed, an open- 
ing pressure procedure will be activated. When an 
50 opening pressure (PJ has been detemnined, a closing 
pressure (PJ of the lung system will also be deter- 
mined. The closing pressure (P^) will then reflect the 
lowest pressure, at whteh the lungs may be ventilated to 
provide for a sufficient oxygenation of the blood. 
55 [0031 ] The method for controlling the artifkaal venti- 
lation system is preferably comprised in a number of 
logteal rules, or protocols. By evaluating the condition of 
the lungs at predetermined intervals, a defined set of 
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rules, or a particular protocol, can be activated when 
necessary. In particular, the present invention includes 
an opening protocol, a reduction protocol, a mainte- 
nance protocol and a weaning protocol. The opening 
protocol provides for the detemnination of the opening s 
pressure(PQ). The reduction protocol provides for ^e 
determining of the dosing pressure (Pc). The mainte- 
nance protocol ainrts to keep the lungs open. And the 
weaning protocol, finalty, is activated when the patient 
has improved enough to be weaned from the artificial jo 
ventilation. Since these protocols follow the condition of 
the patient, they will normally always follow in the same 
consecutive order, opening protocol, reduction protocol, 
maintenance protocol and weaning protocol. 
[0032] In the following, embodiments of the inven- is 
tion will be described in more detail, refening to the fig- 
ures, in which 

FIG. 1 schematically shows an embodiment of the 
artificia] ventilation system, 20 
FIG. 2 illustrates the basic idea for a concept of 
optimizing the ventilation of a lung system, 
FIG. 3 shows a pressure volume diagram, illustrat- 
ing the behaviour of a collapsed lung, 
FIG. 4 shows a first flow chart describing a first 2S 
method of controlling the ventilator system, 
FIG. 5 shows a second flow chart illustrating a sec- 
ond method for controlling the ventilator system, 
FIG. 6 shows a pressure diagram and a flow dia- 
gram for an inspiration pulse, 30 
FIG. 7 illustrate in a flow chart a first series of sub- 
steps for the second method, 
FIG. 8 illustrates in a flow chart a second series of 
substeps for the second method, 
FIG. 9 shows a series of inspiration pulses for 35 
detemrtinlng an opening pressure, 
FIG. 10 illustrates In a flow chart a third series of 
sub-steps for the second method. 
FIG. 1 1 shows a sequence of inspiration pulses for 
determining a closing pressure, 40 
FIG. 12 illustrates In a flow chart a fourth series of 
sub-steps for the second method, 
FIG. 13 illustrates in a flow chart a fifth series of 
sub-steps for the second method, 
FIG. 14 illustrates in a flow chart a sixth series of 4S 
sub-steps for the second method. 
FIG. 15 illustrates in a flow chart a seventh series of 
substeps for the second method, 
FIG. 16 shows a respiratory gas delivery system, 
which can be used for the artificial ventilation sys- so 
tem, and 

FIG. 17 illustrates in a flow chart an eighth series of 
sub-steps for the second method. 

[0033] The artificial ventilation system comprises a 55 
gas dePivery unit 2, which receives controllable amounts 
of gas via gas inlets 2A, 2B, 2C. The received gases are 
mixed in predetermined fractions within the gas delivery 



unit 2 and are then defivered to the lung system of a 
patient 4, via a gas deRvery system 6. Respiratory gas 
can be delivered intermittently, during inspiration 
phases or constantly, whereby an inspiration pulse of 
respiratory gas is superimposed during the inspiratory 
phase. The gas delivery unit 2 is regulated by a regulat- 
ing unit 8, which regulates the flow, pressure, gas mix, 
timing, etc. of the respiratory gas. All these inspiration 
pulse parameters can be entered on a control panel 10 
by a physician or other clinical staff, whereby a control 
signal is transferred from the continol panel 1 0 to the reg- 
ulating unit 8 via a databus 1 2. The control panel 1 0 can 
also be equipped with the possibility of entering patient 
information such as age, sex and body weight or size, 
which may be used for further optimization of the treat- 
ment Other possible infonmation which can be entered 
to have an impact on the system are, the reason for the 
artificial respiration (illness, insufficient respiration, 
insufficient respiratory muscles, etc.), and information 
regarding the physical condition of the patient (cyano- 
sis, chest wall movements, emphysema, skin tempera- 
ture, etc.). 

[0034] The patient 4 is also connected to a monitor- 
ing unit 14. The monitoring unit 14 comprises a blood 
gas analyser 14A, which is connected to the blood sys- 
tem of the patient 4, a flow meter 1 4B for measuring res- 
piratory gas flow to and from the lung system of the 
patient 4, a pressure gauge 14C for measuring the pres- 
sure in or near the lung system of the patient 4, a blood 
pressure meter 14D for measuring the blood pressure 
of the blood system of the patient 4 and a C02-meter 
14E for measuring the carison dioxide content in the 
expired respiratory gas. 

[0035] Other components of the measuring unit can 
be an oxygen meter 14G, a lung mechanics meter 14H, 
an electrocardiograph 141 and an electroencephalo- 
graph 14J. Meters for body temperature and other 
parameters reflecting the patient's condition can also be 
included in the measuring unit 14. 
[0036] All measured parameters can be transfenBd 
to a monitor screen 16 via a databus 17. In the monitor 
screen 1 6, graphs or values can be displayed on a dis- 
play 18. A physician can select whk:h parameters to 
view via control knobs 20. The monitor screen 16 may 
also be equipped with the possibility of entering patient 
data, as described above for the control panel 10. The 
monitoring unit 1 4 is also connected to a control unit 22 
via a databus 24. The control unit 22 is further con- 
nected to the control panel 10 via the databus 12 and 
receives from the control panel 10 the set inspiration 
pulse parameters, as well as the selected ventilation 
mode and ttie type of patient, i.e. whether the patient is 
neonatal, paediatric or adult It can, thus, also receive 
information about the patient's weight or size, age and 
sex, all entered on the control panel 10 or on the moni- 
tor screen 1 6. On the basis of the measured parameters 
from the monitoring unit 14 and the current settings on 
the control panel 10 and monitor screen 16, the control 
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unit 22 will calculate and detenmine an optimal new set- 
ting fbr the artificial ventilation system and In particular 
an optimal setting for the inspiration pulse, such as peak 
inspiratory pressure (PIP), end pressure, positive 
(PEEP) or negative (NEEP), respiration rate (RR) and 5 
inspiration/expiration time ratio(l:E ratio). 
[0037] The control unit 22 can also calculate 
parameters related to the measured parameters in the 
monitoring unit 14 and these calculated parameters can 
also be displayed on the monitor screen 16. Calculated 10 
parameters are, for instance, tidal volume, minute toI- 
ume, oxygen consumption, CO2 tidal production and 
CO2 minute production. These calculated parameters 
can also be utilized for calculation of new settings. The 
change in certain parameters over time, such as blood is 
gases, oxygen consumption, etc., can also be deter- 
mined by the control unit 22 and utiPtzed for delemiining 
new settings. 

[0038] It should be noted that the blocks in FIG. 1 
refer to function more than physical construction. In 20 
other words, some of the meters in the monitoring unit 
14 (e.g. the flow meter 14B and the pressure gauge 
1 4C), as well as the regulating unit 8, may be integrated 
with the gas delivery unit 2, whereas other meters in the 
monitoring unit 14, such as the blood gas analyser 14A, 25 
can consist of a separate apparatus. Likewise, the con- 
trol unit 22 and the monitor screen 16 can be integrated 
parts of a computer, such as a PC. 
[0039] The determining of new settings can be 
based on an iterative method, where settings are so 
altered one at a time and the outcome of the change is 
monitored via the monitoring unit 14 before further 
changes in the settings are made. The detemnining can 
also be based on a pure mathematical calculation 
based on cun%nt patient data and patient data collected 35 
In a database for providing a knowledge background for 
the control unit 22. The database comprising the knowl- 
edge background is very useful when deciding maxi- 
mum values and threshold values for both the 
measured parameters and the set inspiration pulse 40 
parameters. 

[0040] The determined new settings can be dis- 
played on the monitor screen 16. The displayed setting 
can then be regarded as a suggestion of a new setting 
and the physician may choose to change the setting 45 
accordingly or not The display may also be made as an 
information of the next automatic setting for the ventila- 
tion system. In this case, the control unit 22 generates a 
further control signal, wheh is transfen^ to the regulat- 
ing unit B via a databus 26. The further control signal will so 
in this case override the control signal from the control 
panel 10. Preferably the physician may select whether 
the system should be completely automate (closed loop 
ventilation), semi-automatic or manual. 
[0041] In order to be able to determine an optimal ss 
setting, the control unit 22 comprises a set of determin- 
ing protocols or control methods. In FIG. 2 a basic set of 
such protocols is illustrated. As the patient ts connected 



to the ventilation system an evaluation (28) of the 
patient's condition is made and depending on the status 
of the condition, different protocols are activated by the 
control unit 22. Therefore, if the lung system of the 
patient 4 has collapsed, an opening protocol 30 will be 
activated, whch opening protocol 30 will be descn'bed 
in greater detail below. If the lungs are sufficiently open 
a reduction protocol 32 is activated, which reduction 
protocol 32 is also described in further detail below. The 
reduction protocol 32 is mainly aimed at finding the low- 
est peak pressure PIP and pressure ampfitude, at whbh 
the lungs remain sufficiently open. Next, a maintenance 
protocol 34 will be activated to keep the lung open at 
lowest possible pressure, but with maintained sufficient 
oxygenation of the blood. Rnally, if the patient bascally 
is healthy but, due to the artificial ventilation of the lung 
system, the respiratory muscles has become weaker or 
the patient has become used to the artificial ventilation, 
a weaning protocol 36 is activated, which also will be 
descn'bed in greater detail below. Nonrially, these proto- 
cols always follows In the same sequence: opening, 
reduction, maintenance and weaning. 
[0042] The present artificial ventilation system is 
bask^lly based on the concept of providing a sufficient 
oxygenation of the blood system with a minimum of neg- 
ative effects on the cardio-pulmonary system. In order 
to achieve tiiis, the bask; function of the lungs, and in 
partcular the alveoli, must be considered. In FIG. 3 this 
is illustrated in a volume pressure diagram. In the dia- 
gram a curve 35 is drawn to illustrate the relation 
between volume and pressure in a collapsed ah^lus. 
In a first region 35A of the curve 36, the pressure will 
increase rapidly whereas the volume only increases 
stowty. The reason for this was explained above, relating 
to the LaPlace law. A high pressure is required in order 
to open up the alveolus. As the alveolus begin to inflate, 
the volume Increases, second region 35B. more rapidly. 
At one point 35C, the curve 35 turns. This point is 
referred to as the opening pressure Pq^ of the ah^lus. 
The alveolus will then expand, thereby causing an 
increase in volume at tower distension pressures. This 
continues all through a third region 35D, until an equilit)- 
rium is reached. At this equilibrium is a second tumlng 
point 35E. Further expansion of the alveolus will, due to 
the retroactive force of the tissue, require an increase in 
pressure. This relationship is maintained up to a fourth 
region 35F. Here tiie alveolus is so inflated, that the 
chest physically hinders further expansion. Any 
increase In pressure at this stage can cause lung tissue 
damage and depression of the cardio-vascular system. 
In the diagram the dosing pressure P^. and ideal peak 
inspiratory pressure PIP and positive end expiratory 
pressure PEEP have been indicated. The difference 
between PIP and PEEP is the pressure ampfrtude AP 
for the inspiration pulse. This relation is then exti^po- 
lated on the whole lung. 

[0043] A first method for realizing the logical sets of 
rules, or protocols, is shown in FIG. 4. The depu:ted flow 



6 



11 



EP 1 060 755 A1 



12 



chart illustrates the different steps which have to be 
taken, in order to obtain the optimal oxygenation. It 
could here be suiting to first explain some further princi- 
ples behind the optimum artificial ventilation of a patient 
in addition to those explained in connection with FIG. 3. 
The idea is to provide sufficient alveolar ventilation, i.e. 
supply oxygen and remove carbon dioxide. This is, how- 
ever, not sufficient Preferabty, only air should be used 
(t.e. a (ow inspired oxygen concentration) and any dam- 
age on the cardio-putmonary system must be mini- 
mized. Oxygenation of blood is controlled by measuring 
partial pressure of oxygen (Pa02) instead of. for 
instance, saturation of oxygen (8^02). Pa^2 prefened 
since it reflects gas exchange even at 100% Sa02. Fur- 
ther, pressures, in particular peak inspiratory pressure, 
PIP, and pressure amplitude of the inspiration pulse, 
shoukJ be as low as possible, since they will then cause 
least physical harm to the lungs and the cardiovascular 
system. Since respiratory rate (RR) and inspira- 
tion/expiration time ratio (l:E ratio) can effect the pres- 
sure within the lungs at the end of expiration, so called 
intrinsb positive end expiratory pressure (intrinsc 
PEEP or PEEPj), these are also varied in order to opti- 
mize them. 

[0044] For most patients, PIP, PEEP (PIP-PEEP = 
pressure amplitude), RR and l:E ratio can be optimized 
by relatively simple means, thanks to the insights 
obtained by the invention. PaO^, blood pressure and 
expiration fiow <E»e are the necessary measured param- 
eters. The realization of the importance of and connec- 
tion between these parameters has made real closed 
loop ventilation possible. 

[0045] Returning to FIG. 4. in the first block 38 the 
entire procedure begins. In the second block 40, meas- 
uremerrts of the partial pressure of oxygen Pa02 and 
the ventilatory condition, such as respiratory rate RR, 
are read by the control unit. A determination whether 
the lung is sufficiently open or not is then p>erforTned, 
block 42. This determination is in this case basically 
based on the measured PaO^. If the measured Pa02 is 
lower than a predetermined threshold value, the lungs 
are determined not to be open. If this is the case, output 
No in block 42, the opening protocol in block 44 is acti- 
vated. In the opening protocol procedure, the lungs are 
opened up and the oxygenation of the btood will thus 
improve. New settings may be required. Furttier meas- 
urement of PaOg and reading of settings are then per- 
formed again in block 40, before a further test of the 
condition of the lung is made in block 46. 
[0046] At this stage it is checked whether a closing 
pressure P^ has been determined. If not, output No in 
block 46, the reduction protocol, block 48 will be acti- 
vated. When the reduction protocol has been run 
through, the measurements and readings of bkx^k 40 
are performed again. During the reduction protocol pro- 
cedure it is determined whether new settings are prefer- 
able and whether there is hypoventilation or 
hyperventilation present 



[0047] When the ck>sing pressure P^ has been 
determined, output Yes in block 46, the maintenance 
and weaning protocol is activated in block 50. The main- 
tenance and weaning protocol procedure is made to 

5 keep the tung open and, finally, wean the patient from 
the dependency of the artificial ventilation. In block 52. 
which follows the maintenance and weaning protocol, 
there is a test whether or not the weaning has been suc- 
cessful. If not, output No in block 52, the measurements 

JO and readings of block 40 are performed again. If, on the 
other hand, the weaning has been successful, output 
Yes in block 52, the treatment is at an end, block 54, and 
the patient can be disconnected from the artificial venti- 
lation system. 

15 [0048] Refening now to FIG. 5 - 17 a second 
method for obtaining an optimal ventilation of a patient's 
lung system is described. 

[0049] The different protocols will also be described 
in more detail in connection with the second method. 

20 [0050] In FIG. 5 a fiow chart Illustrates the overall 
basis of the second method. The procedure begins with 
start block 56 and proceeds in block 58 with an attennpt 
to find an optimal ratio between inspiration time and 
expiration time (l:E ratio). As long as it has not been 

25 found, output No in block 60, it will continue this proce- 
dure. When the optimum l:E ratio has been found, out- 
put Yes in block 60, an optimal respiratory rate (PR) is 
sought block 62. As with the l:E ratio, the procedure of 
finding the optimal respiratory rate (RR) will continue as 

30 long as the optimal PR has not been found. When the 
optimal RR is detennined, output Yes in block 64, the 
second method proceeds, block 66, by finding the open- 
ing pressure P^. As with the previous determinatior^, a 
loop will continue between block 68 and block 66 until 

35 the opening pressure P^ is found. Blocks 66 and 68 thus 
correspond to the opening protocol mentioned above. In 
some cases a true' opening pressure Pq will not be 
found (mainly due to very severe conditions of the lung). 
The second method then proceeds with the reduction 

40 protocol, which begins in block 70 by finding the closing 
pressure Pq. The closing pressure P^ is basically the 
pressure at which the lungs will begn to collapse again, 
after having been opened up. In block 72, this test is 
perfbmied until the closing pressure P^ has been found. 

45 The found opening and closing pressures (P(^ P^) are 
then set sequentially and the lungs are maintained open 
according to the maintenance protocol in block 74. The 
second method is concluded in block 76, with the wean- 
ing of the patient 

so [0051] In FIG. 6 two diagrams are shown. The first 
shows pressure in relation to time for an inspiration 
pulse 78. The inspiration pulse 78 has a low pressure 
on PEEP level and a peak pressure of PtR The pulse 78 
has an inspiration phase which lasts during the tnspira- 

55 tion time tj and expiration phase which lasts during the 
expiration time t^. Below the pressure-time diagram a 
flow-time diagram depk:4s the flow to and from the 
patient during inspiration and expiration. The flow curve 
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80 begins with a sharp increase up to a maximuni inspi- 
ration flow 4»p| and an end inspiratory flow The end 
inspiration flow <P^\ should always be zero (0). The tidal 
voluntes will then have had time to be redistn'buted 
within the lung. During expiration, a high flow is estab- 5 
lished at first, the peak expiratory flow <Pp^ since the 
pressure difference in the lungs and the ambient sur- 
roundings are high. At the end of the expiration, the end 
expiratory flow 'P^£ is measured. The end expiratory 
flow, <p££, is larger than zero if a new Inspiration pulse w 
commences before the pressure difference between 
gas in the lungs and the ambient surrounding (tubing) 
has been equaTized. Based on the peak expiratory flow 
<t>P£ and the end expiratory flow t>££ a ratio of these can 
be cateutated, i.e. the EEPk-flow. Based on the EEPk- 15 
flow, the optimum l:E ratio and optimum RR can be 
determined, as shown in the flow charts in FIGs. 7 and 
8. 

[(KS2] The substeps for finding the optimum l:E- 
ratio in the second method are described in FIG. 7, 20 
where the first block 82 is the start block. The men- 
tioned EEPk-flow (EEPk*) is then compared wrth a 
desired EEPk* value, in this case 40. Since the end 
expiratory flow is always smaller than the peak 
expiratory flow ^p^, the EEPk4> is always smaller than 25 
1 . The desired value 40 thus refers to the fraction, i.e. 
either 0.40 or 40%. The desired value, 40, used in this 
example, can be chosen fram any value between 1 and 
99. depending on which patient is connected to the ven- 
tilation system (i.e. age. size or weight, sex, reason for so 
need of artificial ventilation, etc.). The selection of a 
good value can be made based on the knowledge data- 
base. A preferable interval for the desired EEPkO is, 
however, 30-40. The same is valid for l:E ratio, which 
usually is referred to as a percentage. If the EEPk-flow 35 
exceeds this desired EEPk<I> value, output No in block 
84, the optimum l:E ratio for the patient has t>een found, 
block 86. If the EEPk-flow is below 40, output Yes in 
block 84, the l:E ratio is compared with a maximum set- 
ting for the l:E ratio, block 88. Similar to the above, the 40 
value of the maximum l:E ratio depends on the patient 
and his/her status. Any percentage between 1 and 99% 
is possible. Again, the knowledge database would pro- 
vide a preferable value for the individual patient. In this 
embodiment, the maximum l:E ratio is 80%. If the l:E 4s 
ratio already is at the maximum, output No block 88, this 
l:E ratio is used as the optimal l:E ratio for the time 
being, since a better value can not be determined due to 
the patients condition. The sequence is then at an end, 
block 86. 50 
[0053] If, however, the l:E ratio is below maximum, 
output Yes block 88, the I: E ratio is compared with a first 
l:E ratio threshold value, in this case 67%. If the I: E ratio 
exceeds 67%, output No block 90, a new l:E ratio is set. 
block 92. to be equal to the sum of 40 minus EEPk-flow 55 
and cun^nt l:E ratio. The procedure of determining and 
comparing the EEPk-flow with the desired EEPk<l> value 
in block 84 is then repeated. If however the l:E ratio is 
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below 67%. output Yes in block 90, the EEPk-flow is 
compared to a first EEPk4> tiireshold value in block 94. 
In this second comparison, the threshold value is 15. If 
the EEPk-flow exceeds 15. output No block 94, a new 
l:E ratio is set according to block 92. If. however, the 
EEPk-flow is below 1 5, output Yes block 94, the l:E ratio 
is set to the maximum value for the I :E ratio, block 96. 
The test is then resumed In block 84 by determining and 
comparing the current EEPk-flow with the first EEPk* 
threshold value. 

[0054] In a similar way, the flow chart in FIG. 8 Illus- 
trates the sut}steps required for finding the optimal res- 
piratory rate RR. This procedure begins with start block 
98 and, as in the evaluation of the optimal t:E ratio, the 
EEPk-flow is compared with a desired EEPk* value, 
again 40, in block 100. If ttie EEPk-fiow exceeds the 
desired EEPk* value, output No, the optimal respiratory 
rate RR has been found and the procedure ends in 
block 102. If, however, ttie EEPk-flow is below the 
desired EEPk* value, output Yes in block 1 00, the res- 
piratory rate RR is compared to a maximum value for 
the respiratory rate RR in block 104. If the respiratory 
rate RR is already equal to the maximum value for the 
respiratory rate RR, output No, an optimum respiratory 
rate RR (for the time being) has been found and the pro- 
cedure ends in block 102. 

[0055] If the respiratory rate RR is below the maxi- 
mum value for the respiratory rate, output Yes block 
104, the EEPk-fiow value is compared to a second 
EEPk* threshold value, block 106. In this case the sec- 
ond EEPk* threshold value is 20. If the EEPk-flow is 
above 20, output Yes, a new respiratory rate RR is set to 
2 times the cu^ent respiratory rate RR. If the EEPk-flow 
is above 20, output No block 1 06, the EEPk-flow is com- 
pared to a third EEPk* threshold value, in this case 30, 
in block 1 10. If the EEPk-flow is above 30, output No. a 
new respiratory rate RR is set to 1 .2 times the curent 
respiratory rate RR in block 112 and EEPk-flow is then 
detemiined and compared again wth the first EEPk* 
threshold value of 40. block 100. 
[0056] If tiie EEPk-flow does not exceed the third 
EEPk* threshold of 30, output Yes in block 1 10, a new 
respiratory rate RR is set to be equal to 1.5 times the 
respiratory rate in block 114 and the evaluation of 
EEPk-flow is resumed in block 100. 
[0057] These evaluation steps for l:E ratio and RR, 
as described in FIGS. 6 and 7, are then followed by the 
opening protocol. In FIG. 9 a series of inspiration pulses 
116A-116F for detennining an opening pressure Po is 
shown. The first two inspiration pulses 116A have a 
positive end expinatory pressure of PEEP^ and a peak 
inspiratory pressure of PIP^ They have an inspiration 
time of tj and an expiration time of t^. The inspiration and 
expiration times have been evaluated ^x»)rding to the 
schemes in FIG. 7 and 7 (both l:E ratio and RR effect t] 
and te). If the first inspiratory pulses 1 16A fails to open 
up the lungs sufficiently, as indicated by a sufficient 
P3O2, a new inspiration pulse or sequence of inspiration 
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pulses 11 SB is utilized. The second inspiration putse 
1 16B has an elevated peaJ< pressure PIPg but the same 
PEEPi as the first inspiration pulses 1 16A. In consecu- 
tive steps, the PIP and/or PEEP values will be increased 
as long as the lungs remain partially dosed. The proce- 5 
dure continues either until the lungs open up suffictentty 
or until maximum settings are reached for PIP and 
PEEP levels. 

[00S6] The procedure for obtaining the opening 
pressure Pq and determining the inspiration pulse 10 
sequence is described in the flow chart in FIG. 1 0 where 
start block 1 18 indicates the starting point for the open- 
ing protocol. The partial pressure of oxygen Pa02 is first 
analysed in block 120 (after delivery of a number of 
inspiration pulses) and the measured PaOs is compared 15 
with a Pa02 threshold value for evaluating whether the 
lung is sufficiently open or not When the lungs are suf- 
ficiently open, output Yes, the procedure has found the 
opening pressure P^ and the sequence ends in bkx:k 
1 24. tf the lungs are not suffidently open, the procedure 20 
will instead continue with block 126, where the tidal vol- 
ume Vt is compared with a Vj threshold of 7 ml/kg. The 
exempRfied threshold value (7 ml/kg) could also be 
selected frem a wider range, 1-20 ml/kg, depending on 
the patient. Usually, values between 5 and 7 ml/kg are 25 
utilized. In other words, if the patient weighs 70 kg in this 
case the threshold is 490 ml. The patient's weight is 
entered on the control panel 1 0 or the monitor screen 1 6 
as described in connection with FIG. 1. In the alterna- 
tive, the monitoring unit 14 can be provided with a 30 
scales 14F for weighing the patient Instead of weight, 
body size could be used for determining the tidal vol- 
ume. The amount of fat on the patient will then not influ- 
ence the tidal volume value (amount of fat is not 
cometated to the size of the lungs). 35 
[0059] If the tidal volume Vt is above the Vi thresh- 
old, output Yes, hypoventilation is looked for in block 
128. Hypoventilation means that the alveoli obtain an 
insufficient ventilation and the content of cart»n dioxide 
CO2 thus increases in the lungs and the blood system of 40 
the patient If there is no hypoventilation, output No, the 
Intrinsk: PEEP is measured and compared with an 
allowed maximum intrinsfc PEEP. If the intrinsic PEEP is 
below the maximum intrinsic PEEP value, output Yes, 
the external PEEP is compared with a maximum exter- 4s 
nal PEEP value in block 132. If the external PEEP does 
not exceed the maximum external PEEP value, output 
No, a new PEEP is set equal to the current PEEP + 2 
cmH20, block 138. The procedure then resumes at 
block 120, the Pa02 analysis. Since it will take some so 
time for the P^02 to react on an increase in the gas 
exchange, due to an increase in the amount of opened 
up alveoti, one or a few minutes will have to pass before 
measurement is made. 

[0060] If the external PEEP, however, is equal to or ss 
exceeds the maximum external PEEP value, output No 
in block 132 an evaluation whether new maxin^ should 
be allowed or not is made, block 140. If a new maximum 



value for PEEP is to be allowed, the procedure resumes 
In block 120 with the new maximum PEEP value. Like- 
wise, if the intrinsic PEEP is found to be above the max- 
imum PEEPi value, output No in block 130, it is 
evaluated, block 140, whether a new niaximum value 
should be allowed. 

[0061 ] Going back now to block 1 26, where the tidal 
volume Vt was compared with a Vt threshold of 7 ml/kg. 
If the tidal volume Vt is lower than this the procedure 
continues with bkx:k 142 and compares the current PIP 
with a maximum PIP value. The maximum PIP value 
could be any value between 20 and 70 cmH20. but is 
preferably between 40 and 60 cmH20. If the current PIP 
is lower than the maximum PIP value, output Yes, a new 
PIP is set equal to previous PIP + 2 cmHgO and the 
Pa02 analysis resumes in block 120. However, should 
PIP be above the maximum PIP value, output No, it will 
again be evaluated whether new maxima could be 
allowed or not in block 140. Othenwise the procedure is 
at an end. block 124, and the current PIP pressure is the 
opening pressure P^. In such a case, the lungs cannot 
be opened up without risking too much damage to the 
lungs. Rnally, if hypoventilation is present output Yes in 
block 128, the PIP is again compared with the maximum 
PIP value in block 142 and the procedure continues as 
described. Thereby an opening pressure P^ or the max- 
imum allowed pressure will have to be found for all lung 
systems. 

p)062] It should be noted that the opening pressure 
may also be found according to any other known proce- 
dure for finding an opening pressure, in particular those 
described in earlier Swedish patent appfications Nos. 
9502031 -9 and 9502032-7. Another way of obtaining an 
opening pressure is described in SE-C-501 560. 
[0083] As the opening pressure has been found, 
the second method proceeds with the reduction proto- 
col, whfch corresponds to tHocks 70 and 72 in FIG. 5. 
The first phase of the reduction protocol is to determine 
at which pressure the lungs will collapse again. I.e. the 
dosing pressure P^.. In FIG. 1 1 , a series of inspiration 
pulses 146A-146E is shown. These inspiration pulses 
146A-146E correspond to the inspiration pulse 
sequence shown in FIG. 9, but with reducing values for 
PIP and PEEP. Thus the second inspiration pulse 1468 
has a lower PIP than the first inspiration pulse 146A and 
the third inspiration pulse 146C has an even lower PIP. 
For the fourth inspiration pulse 146D. both the PEEP 
and the PIP have been reduced and for the fourth and 
fifth inspiration pulses 146E and 146F, small changes in 
the PIP are made. The procedure for finding the dosing 
pressure P^ is described in the flow chart in RG. 12 and 
commences with the start block 1 48. 
[0084] Similar to the steps for finding the opening 
pressure Pq the Pa02 is analysed in block 150 and 
thereafter a check is made whether the lung is open or 
not in block 152. In all further references to measuring 
of Pa02, It is assumed that any changes in the condition 
of the alveoli has had time to influence the Pa02. When 
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the lungs are open no longer, the closing pressure 
has been determined and the procedure for finding the 
closing pressure will be ended in block 154. However, 
this will nonnaify not be the case in the beginning of the 
procedure and the lungs would normally be open, out- 
put Yes block 152. It is then checked whether severe 
hypoventilation is present, block 156. If there is severe 
hypoventilation, output Yes, it is checked whether exter- 
nal PEEP exceeds a minimum external PEEP value, 
block 162. If external PEEP is lower than the minimum 
external PEEP value, output No, it is checked whether a 
new minima should be allowed, block 1 60. if not, the 
procedure ends in block 154. If a new minimum value is 
allowed, output Yes, the procedure resumes with the 
analysis of PgOg in block 150. If external PEEP is higher 
than the minimum externa! PEEP value, output Yes, a 
new PEEP is set equal to the current PEEP - 2 cmH20, 
block 164 and the procedure resumes with the analyse 
of the PgOg in block 150. 

[0065] If the check for severe hypoventilation, block 
156 results in a negative answer, output No, it is 
checked whether PIP exceeds the minimum PIP value 
in block 166. If the PtP is lower than the minimum PIP 
value, output No, the procedure continues by checking 
for hyperventilation, block 158. Hyperventilation is 
caused by unnecessary high ventilation of the alveoli 
and is indicated by a low carbon dioxide production. 
This can be measured either in the expired respiratory 
gas or by analy^ng the partial pressure of carbon diox- 
ide Pa02 in the blood. If there is hyperventilation, output 
Yes, it will be necessary to check whether new minimum 
values should be allowed or not in block 160. Returning 
now to block 158 and the control for hyperventilation. If 
there is no hyperventilation, output No, PEEP is evalu- 
ated as described above in block 1 62. 
[0066] However, if PIP is still above minimum, out- 
put Yes in block 166, the procedure continues in block 
1 68 by checking whether the tidal volume V| is lower 
than 7 ml/kg (similar to the check in connection with 
FIG. 1 0). If the tidal volume is indeed lower than this 
Vt threshold value, output Yes, the procedure continues 
by cheddng whether there is hypoventilation in block 
1 70 and if so, output Yes, it will resume with block 1 62. 
[0067] If any of the checkings in blocks 1 68 and 1 70 
falls out negative, that is, if the tidal volume is above 
7 mi/kg or if there is no hypoventilation, the cunent PIP 
is compared to a first PIP threshold value in block 172. 
In this case, ttie first PIP ttireshold value is 40 cmH20. If 
PIP is above the first PIP tiireshold value, whch could 
very well be the case in the beginning of the closing 
pressure (P^) procedure, a new PIP is set equal to the 
current PIP minus a first predefined decrement, e.g. 3 
cmH20, block 174. After ttie new PIP has been set, tiie 
Pa02 is again analysed, block 150. Again, there should 
be a certain time lapse before the analysis is carried out 
to ascertain that any reactions in the lungs and blood 
system due to the lowered PIP has time to take place. If 
the cument PIP is already below 40 cmH20, output No in 



block 172, the current PIP is conrtpared with a second 
PIP threshold value in block 176. "TTie second PIP 
threshold value is in this case 25 cmH20 and if the cur- 
rent PIP exceeds this second PIP threshold value, out- 

5 put Yes, a new PIP is set to be equal to the current PIP 
minus a second predefined decrement, e.g. 2 cmH20, 
block 178. As before, when a new value has been set 
tiie Pa02 is analysed in block 150. Should PIP be below 
even 25 cmHsO, it will be is compared with a third PIP 

10 tiireshold value, block 180. The ttiird PtP threshold is 
the programmed minimum PIP value, which could be 
e.g. 20 cmH20. Since PIP is normally a measured PIP 
value, it might at this stage be below the minimum PIP 
value, although it was above the minimum value in the 

J5 control made in block 1 66. Should this occur, the proce- 
dure would resume at block 158, as was the case when 
tiie PIP was below ttie minimum PIP value in block 1 66. 
Normally, however, at this stage of the procedure, the 
current PIP will at least be above the minimum value, 

20 output Yes, and a new PIP is set to be equal to the cur- 
rent PIP minus a third predefined decrement, e.g. 1 
cmH20, block 182. The procedure then resumes by 
analysing the Pa02 in block 150. This procedure, witfi 
subsequent lowering of the PIP and PEEP values, con- 

25 tinues until the lungs are considered to have collapsed 
again. In other words, when the measured Pa02 fialls 
below a predetemiined Pa02 threshold value or dis- 
plays a significant change between two Pa02 measure- 
ments which is above a certain defined level, the 

30 procedure wilt end. 

[0088] It should be noted that changes in the blood 
gas parameter (Pa02) can also be used for determining 
new settings. For example, when detemiining opening 
and closing pressures, the change in measured Pa02 

35 could be used for determining a new PIP or PEEP. 
[0089] When the closing pressure P^ has been 
found, the next phase, the steps of maintaining the lung 
open, can ftillow. This is shown in the flow chart in FIG. 
1 3. The start is indicated in block 1 84 and the first thing 

40 to do is to set the determined opening and closing pres- 
sures (pQ and Pc) sequentially, block 186. Since ttiis 
procedure has the major task of maintaining the lungs 
open, this is checked in blocks 1 87 and 1 88 by analys- 
ing Pa02 and comparing it with the threshold value. 

45 Should there at any time be discovered that the lungs 
are not open, as reflected in the measured Pa02, a new 
opening pressure Pq and closing pressure Pc must be 
found, i.e. tiie procedures descnlied in the flow charts of 
FIGS. 9 and 1 1 would be repeated in order to find these 

50 two important pressure values. As long as the lung 
remains open, output Yes, the maintenance procedure 
continues by checking for hyperventilation in block 192. 
If there is no hyperventilation present, output No, it ts 
instead checked whether hypoventilation is present, 

55 block 1 94. As long as there is no hypoventilation, output 
Na the haemodynamics are checked in block 195. 
These controls, for hyperventilation in block 192, for 
hypoventilation in block 194 and for the haemodynamics 
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in block 1 95 are all important parts in the main structure 
of the invention of ventilating the patient with the lowest 
pressures possible without impeding on the lung system 
or the blood system. If the haemodynamics are also OK. 
output Yes in block 195. the procedure is at an end in 
block 196. This procedure will then be repeated at pre- 
determined intervals during the treatment of the patient 
in order to make sure that the patient* status is still sta- 
ble. 

[0070] Should there be hyperventilation present, 
output Yes in block 1 92, it has to be evaluated whether 
this depends on the respiratory rate, the PEEP pres- 
sure, the PIP, or if the dead space can be increased. 
This evaluation procedure is shown in a flow chart in 
FIG, 14. 

[0071] This evaluation starts in block 206 and the 
first thing to do is to increase the respiratory rate by a 
factor of 1.2, block 208. Hyperventilation is then 
checked for, block 210. and if the increase in the respi- 
ratory rate was successful there will no longer be hyper- 
ventilation and the evaluation ends in block 212. If 
hyperventilation is still present, output Yes, it is checked 
whether the respiratory rate RR has already been 
increased twfce, block 214. If not, respiratory rate is 
again increased by a factor of 1 .2, block 208 and hyper- 
ventilation is checked for again. If the respiratory rate 
RR has been increased twice, output Yes in block 214, 
then the respiratory rate will not be further increased. 
Instead, it is checked v^ether PEEP is greater than the 
maximum PEEP value, block 21 6. If PEEP Is lower than 
the maximum PEEP value, PEEP will be increased by 2 
cmHgO, block 218. It is then checked whether the 
increase in PEEP has had an effect on the hyperventila- 
tion, block 220. If there is no hyperventilation any longer, 
the evaluation ends, block 212, with the new settings for 
respiratory rate RR and PEEP. If, however, hyperventila- 
tion is still present, PEEP will be increased in steps of 2 
cmHgO until it reaches the maximum PEEP value. If, 
during this time, hyperventilation has not ceased, the 
PIP will have to be decreased instead, block 222. PIP is 
decreased by 1 cmH20. After this decrease it is first 
checked whether the lungs are still open or not, block 
224. If they are, it is checked whether the increase in 
PIP has been able to stop the hyperventilation, block 
226. If there is no hyperventilation present, the evalua- 
tion has been successful and ends in block 212. If there 
is still hyperventilation, the dead space of the ventilation 
system is increased, block 228. Dead space is then 
increased until there is no hyperventilation present 
After each increase in dead space, it is also checked 
whether the lungs are still sufficiently open, block 224. 
Should the measured P^02 indeate that the lungs are 
not open any longer, they will have to be opened up 
again, block 230, and the maintenance procedure will 
then have to resume again, block 232. It should be 
noted that block 232. maintain the lung open, in FIG. 14 
corresponds to the maintain lung open procedure 
described in FIG. 13. 



[0072] If the dead space has to be increased, there 
are several ways of soh^ing this. The inmrtediate solution 
is of course to physically increase the dead space, 
especially by adding more tubing between the patient 

5 and the artifictal ventilation system. However, this 
requires that the patient is disconnected from the artifi- 
cial ventilation system and if he/she has not recovered 
suffictentty, this could cause the lungs to collapse. When 
the new tubing have been added, the entire procedure 

70 may thus have to be repeated by starting the evaluation 
scheme from the beginning. This is the main reason 
why it is checked whether the lungs are still open after 
each Increase in dead space. 

[0073] In FIG. 16 is shown a connecting system 6 
15 for the artificial ventilation system. The connecting sys- 
tem 6 connects the respiratory gas driving unit 2 and the 
patient 4 to each other. The connecting system com- 
prises a mixing chamber 254 in which the gases from 
respective gas inlet 2A, 2B, 2C are mixed into the respi- 
te ratory gas. The mixed respiratory gas is lead via a inspi- 
ration tube 256 to a tracheal tube 258 or a 
corresponding connection tube to the patient Expired 
respiratory gas is lead from the patient via the ti'acheal 
tube 258 and an expiration tube 260. On the tracheal 
25 tube 258 a sectio n 262 consisting of a expandable-com- 
pressible material could be placed for affecting the dead 
space without disconnecting the patient. By expanding 
the section 262, the dead space will increase. 
[0074] Another way of expanding the dead space is 
3o achieved by the use of a first vahre 264 and a second 
valve 266. The first valve is located w'rthin the expiration 
tube 260 and may control the flow in the expiration tube 
260. The second valve 266 is located in a connection 
between the inspiration tube and the expiration tube 
35 within the gas delivery unit 2. The second vah/e 266 is 
normally closed and the respiratory gas passes through 
the connection system 6 as described. However, by 
opening the second valve 266 and closing the first valve 
264 during the last part of the expiration, expired gas 
40 will not be able to flow in the expiration tube 260, since 
this has been seated off by the first valve 264. Instead 
the expired gas wilt flow into the inspiration tube 256 in 
the direction towards the opening between the inspira- 
tion tube 256 and expiration tube 260, i.e. the second 
45 vahre 266. A part of the inspiration tube 256 will then act 
as an extension of the tracheal tube ^8, or operate as 
an expansion of the section 262. As the next inspiration 
pulse is delivered the first valve 264 will open and the 
second valve 266 will close and the inspiration will com- 
50 mence as any other nomnal inspiration. 

[OOTC] A further gas connection 268 is also 
included in the system. The further gas connection is 
connected to a controllable gas source and ends in the 
tracheal tube 258. The flow of gas within the further gas 
55 tube 268 can be controlled simultaneously with the res- 
piratory gas flow, so that the total amount of gas sup- 
plied to the patient is controlled at a high degree. The 
further gas tube 268 could be used in a yet further way 
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of increasing dead space, or rather, to obtain a similar 
effect Instead of phystcalty changing dead space, a 
snriall content of carbon dioxide could be added to the 
respiratory gas either directly through one of the gas 
inlets 2A, 2B, 2C or via the further gas tube 268. This 
addition of cartran dioxide could be operated so it sup- 
plies a small amount of carbon dioxide at the onset of 
inspiration, whereby it would simulate an increased 
dead space. The amount of added carbon dioxide could 
be calculated tor each individual patient by comparing 
either with values measured when there was no hyper- 
ventilation or with the body weight or with other calcula- 
tions. 

[0076] When all the checkings, resulting from the 
detection of hyperventilation, have been made and eval- 
uations have resulted in a new setting of any kind, the 
maintenance procedure in FIG. 13 resumes. 
[0077] (Referring again to FIG. !3) Should there 
instead be hypoventilation present, output Yes in block 
194, there is an evaluation made in block 200 whether 
the dead space is too large or whether there is a wrong 
peak inspiratory pressure PIP. This evaluation is shown 
in FIG. 15, which commences with the start block 234. 
Rrst, it is checked whether the dead space exceeds the 
minimum value of the dead space, block 236. If the 
dead space exceeds the minimum value, the dead 
space is decreased, block 238. Thereafter it is again 
checked whether there is hypoventilation or not, block 
240. If not, the evaluation is over, block 242. As long as 
there is hypoventilation and the dead space exceeds 
the minimum value, this sequence is repeated. If there 
is still hypoventilation when the dead space reaches the 
minimum value of the dead space, output No in block 
238, it is checked whether the current PIP exceeds the 
maximum PIP allowed, block 244. If the current PIP 
does not exceed the nnaximum PIP, the cun^nt PIP 
value ts increased by 1 cml^O, block 246. As for the 
evaluation described for hyperventilation situations, PIP 
is then increased by 1 cmHgO until hypoventilation 
ceases, or the maximum PIP is reached. Again, the 
maximum PIP ensures that damaging pressures are 
avoided. Thus, hypoventilation is looked for, block 248. If 
the hypoventilation has ceased before the current PIP 
has reached the maximum PIP, the evaluation is at an 
end in block 242. If, however, hypoventilation persists, 
output Yes in block 246, and the current PIP has 
reached the maximum PIP, then hypoventilation has to 
be accepted for the time being and the evaluation 
comes to an end in block 242. 
[0078] In similarity to the hyperventilation condition 
the dead space could easily be changed by physically 
renrroving some of the tubing whfch causes the hypov- 
entilation to occur in the patient Again this would mean 
that the entire procedure may have to be repeated, 
since the patient's lungs risk to collapse during ttie dis- 
connection of the patient Refening again to FIG. 16, 
the patient does not necessarily have to be discon- 
nected. The expandable section 262 could be com- 



pressed in order to decrease the dead space. Another 
way of decreasing the dead space is to provide air at the 
end of the expiration phase via the further gas tube 268. 
Hereby tiie last expired volume will be mixed with a 

5 defined amount of air and as the inspiration phase com- 
mences the rebreathed amount of respiratory gas will 
be lower. If the dead space has been increased by utiliz- 
ing the atmve descn'bed function (FIG. 16) of the first 
valve 264 and the second vahre 266, the dead space 

10 may easily be decreased by going back to a normal 
inspiration/expiration timing, i.e. not utilize this function 
of the first vaWe 264 and second valve 266. 
[0079] If the check for haemodynamk^s, block 1 95 in 
FIG. 13. should indbate that there is haemodynamc 

15 depression, it will be necessary to check if there is a 
pneumothorax, i.e. if air enters the pleural space in the 
lungs, block 201. Pneumothorax is in many cases 
caused by a penetration of the chest wall. In open pneu> 
mothorax the lung will collapse and not contiibute to the 

20 ventilation. During artifkiial ventilation there is however 
a higher probabilrty that there will be a closed pneumot- 
horax. The closed pneumothorax is a rupture in the 
lung, causing a direct connection between the bronchial 
system and the pleural space. If there is a pneumotho- 

25 rax present, output Yes, the pressure must be relieved, 
block 202. e.g. by inserting a chest tube. The haemody- 
namics are preferably controlled by checking for cardio- 
vascular depression based on the blood pressure 
measurements made by the monitoring unit Other 

30 known measurements indication haemodynamfc 
depression can, of course, also be used. 
[0080] If there are cardiovascular depression but no 
pneumothorax, output No in block 201 , or if a pneumot- 
horax has been relieved at an eariier stage, an intravas- 

35 cular flukj challenge should be given, block 204. If the 
fluid challenge is successful more fluids should be given 
up to an allowed maximum volume. Thereafter cardio- 
vascular active drugs should be given to the patient in 
order to overcome these distresses and negative side- 

40 effects for the patient When all these measures have 
been taken, which a physknan could indk^e by queuing 
a certain code on the control panel or on the monitor 
screen in the artiftciat ventilator system the mainte- 
nance sequence is at an end in block 196. 

45 [0081] At predetermined time intervals the control 
unit will run through the maintenance procedure. 
[0082] When the patient has improved sufficientiy, it 
is time for weaning him/her. The base principle when 
weaning a patient is not to force the patient to breathe 

50 spontaneously immediately. Slowly at first, and then, 
when the patient takes a sufficient amount of spontane- 
ous breaths, a more rapid transition from the controlled 
ventilation to support modes of ventilation. 
[0083] In FtG. 17 this is described by a flow chart. 

55 The weaning protocol, or procedure, commences in 
block 270. As for the preceding protocols, the PgOg is 
measured, block 272. The measured Pa02 is then com- 
pared with a first threshold T1, block 274. The first 
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threshold T1 corresponds to a level of good oxygena- 
tion, tt should be rennenfibered that at this stage in the 
treatment of a patient, the lungs are open and the 
patient practically recovered from the condition which 
required the artificial ventilation. s 
[0084] Should the measured P^O^ be lower than 
the first threshold T1 , output No, it is compared with a 
second threshold T2. block 276. The second threshold 
T2 corresponds to a level of oxygenation which is con- 
sidered sufficienL If the measured PaOj is equal to, or io 
exceeds the second threshold T2, i.e. falls between the 
first threshold T1 and the second threshold T2, the cur- 
rent settings are maintained tbr the time being, and a 
new measurement of Pa02 is performed after a prede- 
termined time lapse, in this case 1 0 minutes, block 27B, is 
and the procedure resumes with block 272. 
[0085] Should the measured P^O^ be equal to, or 
exceed the first threshold T1 in block 274, the patients 
spontaneous respiration rate (RRg) is measured and 
compared with a RRg threshold, block 280. The RRg 20 
threshold conelates to a sufficient spontaneous breath- 
ing, and if the measured spontaneous rate exceeds this 
threshold, output Yes, the weaning is at an end, block 
282. 

[0086] However, should the measured spontaneous 25 
respiratory rate be insufficient, or if the measured Pa02 
is lower than the second threshold T2, an evaluation of 
the settings is made, block 284, before the procedure 
resumes again in block 272 - with new settings. 
Depending on whether the measured P^02 was too low 30 
or the measured spontaneous respiratory rate was too 
low, the cun^nt settings of PIP, PEEP, RR and l:E ratio 
can be increased or decreased. 
[0087] It should be noted that the figures used in the 
description for threshold values, as well as for minima as 
and maxima, are purely given as examples. These fig- 
ures could be different depending on, inter alia, the spe- 
cies treated (human or animal), age (neonatal, infant, 
child, adult) and kind of illness. In the most straightfor- 
ward realisation of the artificial ventilation system 40 
according to the invention, it could be adapted to auto- 
matk:ally treat at least 90-99% of all adults, and require 
overriding settings from a physfcian in the remaining 
cases (before they too can be treated automatically). 

45 

Claims 

1. Method for controlling an artifidal ventilation sys- 
tem, connectable to the lung system of a living 
being, characterized by the steps of: so 

a) determining an optimal ratio between inspi- 
ration time and expiration time (l:E ratio); 

b) determining an optimal respiration rate (RR); 

c) determining an opening pressure (Pq) of the 55 
lung system; 

d) determing a closing pressure (PJ of the lung 
system; and 



e) at intervals order a monitoring of the condi- 
tion of the lung. 

2. Method according to claim 1 , characterized In that 
step a) comprises the following sub-steps: 

a1 ) reading a current l:E ratio; 
a2) measuring an end expiratory flow {^^\ 
aS) measuring a peak expiratory flow (^); 
a4) cak^ulating a EEPk(>-ratio between the 
measurad end expiratory flow (^^^ and the 
peak expiratory flow (^e); 
a5) comparing the cak^ulated EEPk(^ratio with 
a predetemnined first EEPki^-threshold value; 
a6) if the cateulated EEPk<>-ratio exceeds the 
first EEPk(»-threshold value, determining the 
current l:E ratio as the optimal l:E ratio; 
a7) if the cak;ulated EEPk^ratio does not 
exceed the first EEPki^-threshold value, com- 
paring the cunent l:E ratio with a predeter- 
mined maximum l:E ratio; 
a8) if the current l:E ratio exceeds the predeter- 
mined maximum l:E ratio, determining the cur- 
rent l:E ratio as the optimum l:E ratio; 
a9) if the current i:E ratio does not exceed the 
predetermined maximum l:E ratio, comparing 
the current l:E ratio with a predetermined l:E 
ratio threshold; 

a10) if the current l:E ratio exceeds the prade- 
temnined l:E ratio threshold, cabulating a new 
l:E ratio, whfch is equal to the difference 
between the first EEPk^threshold value minus 
the calculated EEPki^ratio and the current l:E 
ratio and repeating the procedure from sub- 
step a1); 

all) if the current l:E ratio does not exceed the 
predetermined l:E ratio threshold, comparing 
the calculated EEPk(>-ratio with a second 
EEPk(>-threshold value; 
a12) if the cateulated EEPk^ratio exceeds the 
second EEPk^-threshold value, setting a new 
l:E ratio to be equal to the maximum l:E ratio 
and repeating the procedure from sub-step a1 ); 
a13) if the calculated EEPk(>-ratio does not 
exceed the second EEPk^nthreshold value, 
determining the cun-ent l:E ratio as the opti- 
mum l:E ratio. 

3. Method according to cta'mn 2, characterized In that 
the first EEPk^threshold value is between 30 and 
40, the second EEPk^threshold value is between 
10 and 20 and the l:E ratio threshold is preferably 
between 60 and 80%. 

4. Method according to any of the claims 1 -3, charac- 
terized in that step b) comprises the following sut>- 
steps: 
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b1) reading a current respiration rate (RR); 
b2) measuring an end expiratory flow (^ee): 
b3) measuring a peak expiratory flow ((>pe); 
b4) calculating a EEPk^ratio between the 
measured end expiratory flow {^^i and the 5 
peak expiratory flow (^pe); 
b5) comparing the cak^ulated EEPkt^ratio with 
a predetemnined first EEPk^threshold value; 
bS) if the cateulated EEPk(>-ratio exceeds the 
first EEPk^threshold value, determining the w 
current respiration rate (RR) as the optimal res- 
piration rate; 

b7) if the calculated EEPk^-ratio does not 
exceed the first EEPkt^-thrsshold value, com- 
paring the current respiration rate (RR) with a is 
prcdetennined maximum respiration rate; 
b8) if the current respiration rate (RR) exceeds 
the predetermined maximum respiration rate, 
determining the current respiration rate (RR) as 
the optimum respiration rate; so 
b9) if the cun^nt respiration rate (RR) does not 
exceed the predetermined maximum respira- 
tion rate, comparing the calculated EEPkt^ratio 
with a second EEPki^-threshold value; 
b10) if the calculated EEPk(>-ratio exceeds the ss 
second EEPk(>-threshold value, comparing the 
cateulated EEPk(>-ratio with a third EEPkc^ 
threshold value; 

b11) rf the calculated EEPk<>-ratio exceeds the 
third EEPk^threshold value, determining a 3o 
new respiration rate (RR) to be equal to the 
cunent respiration rate (RR) multiplied by a first 
^ctor and repeating the procedure frem sub- 
step b1); 

b12) if the calculated EEPk<^-ratio does not as 
exceed the third EEPk^threshold value, deter- 
mining a new respiration rate(RR) to be equal 
to the cun^rt respiration rate (RR) multiplied by 
a second factor and repeating the procedure 
from sub-step b1 ); 4o 
bl3) if the cateulated EEPk<>-ratio does not 
exceed the second EEPk(>-threshold value, 
detemiining a new respiration rate (RR) to be 
equal to the cument respiration rate (RR) multi'- 
plied by a third factor and repeating the proce- 45 
dure from sub-step b1). 

5. Method according to daim 4. characterized in that 
the first EEPk(>-threshold value is 40, the second 
EEPk(>-threshotd value is 20, the third EEPMh so 
threshold value is 30, the first factor is 1 .2, the sec- 
ond factor is 1 .5 and the third ^ctor is 2. 

6. Method according to any of the daims 1 -5, charac- 
terized in that step c) comprises the following sub- ss 
steps: 

c1) obtaining the lean body weight of the living 



being; 

c2) defivering a predetermined number of inspi- 
ration pulses having a current peak inspiratory 
pressure (PIP) and a current positive end expir- 
atory pressure (PEEP); 

c3) measuring the partial pressure of oxygen 
(Pa02) in a blood system of the fiving being; 
c4) comparing the measured P^C^ with a pre- 
determined Pa02 threshold value; 
c5) if the measured PgOg exceeds the predeter- 
mined Pa02 threshold value, determining the 
PIP as the opening pressure (Pq) and storing 
the detennined opening pressure (Pq) and cur- 
rent PEEP; 

c6) if the measured PgC^ does not exceed the 
predetermined P^Os threshold value, measur- 
ing an inspiration flow (<» to the living being, 
determining a tidal volume (Vt) of supplied res- 
piratory gas, calculating a quotient between the 
determined tidal volume (Vt) and the lean body 
weight and comparing calculated quotient with 
a predetemnined Vt threshold value; 
c7) if the cak:utated quotient exceeds the pre- 
determined Vt threshold value, measuring a 
cartx)n dioxide content (CO2 content) and com- 
paring the measured CO2 content with a prede- 
termined CO2 content threshold value; 
c8) if the calculated quotient does not exceed 
the predetermined Vt threshold value or if the 
measured CQg content exceeds the predeter- 
mined CO2 content threshold value, comparing 
the current PIP with a predetermined maximum 
PIP value; 

c9) if the cunnent PIP does not exceed the max- 
imum PIP value, setting a new current PIP to 
be equal to the current PIP plus a first predeter- 
mined increment and repeating the procedure 
from sub-step c2); 

clO) if the measured CO2 content does not 
exceed the predetermined CO2 content thresh- 
old value, measuring the intrinsic positive end 
expiratory pressure (PEEPj) and comparing it 
with a predetemiined nrtaximum PEEP) value; 
c11 ) if the measured PEEP) does not exceed 
the predetermined maximum PEEPj value, 
comparing ttie current PIP with the maximum 
PIP value; 

c12) if the current PIP does not exceed the pre- 
determined maximum PIP value, setting a new 
current PIP to be equal to the current PIP plus 
a second predetermined increment setting a 
new current PEEP to be equal to the current 
PEEP plus a third predetermined increment 
and repeating the procedure from sub-step c2); 
c13) if the cun^m PIP exceeds the predeter- 
mined maximum PIP value, comparing the cur- 
rent PEEP with a predetennined maximum 
PEEP value; 
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c14) if the current PEEP does not exceed the 
predetermined maMmum PEEP value, setting 
a new cunrent PEEP to be equal to the curent 
PEEP plus a fourth predetermined increment 
and repeating the procedure from sub-step c2); 5 
c15) if the current PEEP exceeds the predeter- 
mined maximum PEEP value, or if the PEEP] in 
sub-step c10) exceeds the predetemnined 
maximum PEEPj value, or if the cuTent PIP in 
sub-step c8) exceeds the predetermined maxi- 10 
mum PIP value, determining whether a new 
maximum PIP value, a new maximum PEEPq 
value or a new n^imum PEEPi value should 
be allowed; 

c16) if new maxima are not allowed, detemiln- is 
ing the cument PIP as the opening pressure 
(Pq) and storing the determined opening pres- 
sure (Pq) and current PEEP; 
c16) if new maxima are allowed, setting these 
and repeating the procedure from sub-step c2). 20 

7. Method according to daim 6, characterized in that 
the predetemnined Vt threshold value is preferably 
between 5 and 7 ml/kg, the first predetemnined 
increment is 2 cmHgO, the second predetemnined 2S 
increment is 2 anH20, the third predetermined 
increment is 2 cmH20 and the fourth predetemnined 
increment is 2 cmH20. 

8. Method according to any of the claims 1 -7, charac- x 
terized In that step d) comprises the following sub- 
steps: 

d1) delivering a predetermined number of 
inspiration pulses having a current peak inspir- 35 
atory pressure (PIP) and a cunrent positive end 
expiratory pressure (PEEP); 
d2) measuring pressure in or near the lung sys- 
tem, respiratory gas flow, partial pressure of 
oxygen (P8O2) in the blood system and a CO2 40 
content either in expired air or in the blood sys- 
tem; 

d3) comparing the measured PgOg with a pre- 
detemnined Pa02 threshold value; 
d4) if the measured P^O^ does not exceed the 45 
predetermined PgOg threshold value, determin- 
ing the cun-ent PIP as the closing pressure 
(PC) and storing the determined dosing pres- 
sure (PC) and current PEEP; 
d5) if the measured PgO^ does not exceed the so 
P^02 threshold value, comparing the CO2 con- 
tent is compared with a first predetermined CO2 
content threshold value; 
d6) if the CO2 content exceeds the first prede- 
termined CO2 content threshold value, compar- 55 
ing the current PIP with a predetemnined 
minimum PIP value; 

d7) if the cuTent PIP exceeds the predeter- 



mined minimum PIP value, determining the 
tida! volume (V^) and comparing it with a prede- 
temnined Vt threshold value; 
d8) if the determined tidal volume (V^) does not 
exceed the predetermined V| threshold value, 
comparing the CO2 content with a second pre- 
determined CO2 content threshold value; 
d9) if the determined tidal volume (V^) exceeds 
the predetemriined threshold value or if the 
CO^ content does not exceed the second pre- 
determined CO2 threshold value, comparing 
the cument PIP with a first PIP threshold value; 
dIO) if the current PIP exceeds the first PIP 
threshold value, setting a new cun^nt PIP to be 
equal to the cument PIP minus a first predeter- 
mined decrement and repeating the procedure 
from sub-step d1); 

d11) if the current PIP does not exceed the first 
PIP threshold value, connparing the current PIP 
with a second PIP threshold value; 
d12) if the current PIP exceeds the second pre- 
determined PIP threshold value, setting a new 
current PIP to be equal to the cument PIP 
minus a second predetemnined decrement and 
repeating the procedure from sub-step d1); 
d13) if the current PIP does not exceed the 
second predetermined PIP threshold value, 
comparing the cun^nt PIP with a predeter- 
mined minimum PIP value; 
d14) if the current PIP exceeds the predeter- 
mined minimum PIP value, setting a new cur- 
rent PIP to be equal to the current PIP minus a 
third predetemnined decrement and repeating 
the procedure fmm sub-step d1 ); 
d1 5) if the cument PIP does not exceed tiie pre- 
detemnined minimum PIP value, or if the CO^ 
content In sub-step d5) exceeds the first prede- 
termined CO2 threshold value, or if the current 
PIP in sub-step d6) does not exceed the prede- 
termined minimum PIP value, or if the COg con- 
tent exceeds the second predetermined CO^ 
threshold value, comparing the CO2 content 
with a third threshold value; 
d16) if the CO2 content exceeds the third CO^ 
threshold value, comparing the cument PEEP 
with a predetermined minimum PEEP value; 
d17) if the current PEEP exceeds the predeter- 
mined minimumPEEP value, setting a new cur- 
rent PEEP to be equal to the cument PEEP 
minus a fourth decr^ent and repeating the 
procedure from sub-step d1); 
d18) if the current PEEP does not exceed the 
predetermined minimum PEEP value or if the 
CO^ content does not exceed the third CO2 con- 
tent threshold value, detenmining whether a 
new minimum PIP value, or a new minimum 
PEEP value can be allowed; 
d1 9) if new minimum values are allowed, set- 
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ting the new min'mnunn values and repeating the 
procedure from sub-step d1); 
d20) if new mininnunn values are not allowed, 
determining the cunrent PIP as the closing 
pressure (PJ and storing the determined clos- 
ing pressure (Pc) and current PEEP. 

9. Method according to daim 8, characterized In that 
the predetermined threshold value is preferably 
between 5 and 7 ml/kg, the first predetermined PIP 
threshold value is preferably between 30 and 45 
cmHgO, the second predetermined PIP threshold 
value is preferably between 20 and 30 cmH20, the 
first predetermined decrement is 3 cmH20. the sec- 
ond predetemiined decrement is 2 cmH20, the third 
predetermined decrement is 1 onH^O and the 
fourth predetermined decrement is 2 cmH20. 

10. Method according to any of the claims 1 -9, charac- 
terized in that step e) comprises the following sub- 
steps: 

el) measuring pressure, CO2 content, Pa02 
and blood pressure; 

e2) comparing measured Pa02 with a predeter- 
mined PflOg thre-shold; 

e3) if the measured PgO^ does not exceed the 
predetermined PgP2 threshold value, repeating 
steps c) and d); 

e4) if the measured Pa02 exceeds the Pa02 
threshold, comparing the CO2 content with a 
first predetermined COg threshold value; 
e5) if the CO2 content exceeds the first prede- 
termined CO2 threshold value, suggesting to 
alter the settings for respiratory rate(RR), posi- 
tive end expiratory pressure (PEEP), peak 
inspiratory pressure (PIP) and/or dead space 
(DS); 

e6) if the CO2 content does not exceed the first 
predetermined CO2 threshold value, comparing 
the CO2 content with a second predetemnined 
CO2 threshold value; 

e7) if the CO2 content exceeds the second pre- 
determined CO^ threshold value, suggesting to 
aiter the settings of dead space {DS)and/or 
peak inspiratory pressure (PIP); 
e8) if the CO2 content does not exceed the sec- 
ond predetermined CO2 threshold value, com- 
paring the blood pressure with a 
predetermined blood pressure interval; 
e9) if the measured blood pressure falls within 
the predetermined blood pressure interval, 
ending step e); 

e1 0) if the blood pressure falls outside the pre- 
determined blood pressure interval, generating 
an alarm. 

1 1 . An artificial ventilation system comprising a respira- 



tory gas delivery unit (2), connectable to a lung sys- 
tem of a living being (4) for generating and 
delivering controllable inspiration pulses (76) of res- 
piratory gas to the lung system, a regulating unit (8) 

5 connected to the respiratory gas dePivery unit (2) for 
controlling the generation and delivery of inspiration 
pulses (78; 118A-116F; 146A-146F) based on a 
control signal supplied to the regulating unit (8), a 
monitoring unit (1 4, 14A-14F) for measuring at least 

10 one parameter related to the function of the lung 
system and a control unit (22) connected to the 
monitoring unit (14, 14A-14F) for determining a 
change in an inspiration pulse parameter, charac- 
terized by a routine of said control unit (22) com- 

15 prising program steps according to the method 
steps of any of claims 1 to 10. 

1 Z An artificial ventilation system comprising a respira- 
tory gas delivery unit (2). connectable to a lung sys- 

20 tern of a living being (4) for generating and 
delivering controllat>{e inspiration pulses (78) of res- 
piratory gas to the lung system, a regulating unit (8) 
connected to the respiratory gas defivery unit (2) for 
controlling the generation and delivery of inspiration 

25 pulses (78; 116A-116F; 146A-146F) based on a 
control signal supplied to the regulating un'rt (8), a 
monitoring unit (14, 14A-14F) for measuring at least 
one parameter related to the function of the lung 
system and a control unit (22) connected to the 

30 monitoring unit (14, 14A-14F) for determining a 
change in an inspiration pulse parameter, charac- 
terized fay a routine of said control unit (22) com- 
prising the steps of: 

35 a) determining an optimal ratio between inspi- 

ration time and expiration time (l:E ratio); 

b) determining an optimal respiration rate (RR); 

c) determining an opening pressure (P^) of the 
lung system; 

40 d) determining a closing pressure (Pg) of the 

lung system; 

e) at intervals order a monitoring of the condi- 
tion of the lung and, if necessary determine a 
change in an inspiration pulse delivered to tiie 

45 lung system; 

f) ordering a change in the inspiration pulse for 
provoking spontaneous respiration. 

13. Ventilation system according to claim 12, charac- 
50 tertzed In tiiat step e) comprises the following sub- 
steps: 

el) measuring pressure, CO2 content, PgOg and 
blood pressure; 
55 e2) comparing measured PgOa with a predeter- 

mined P^02 threshold; 

e3) if the measured P^Og does not exceed the 
predetermined Pa02 threshold value, repeating 
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steps c) and d); 

e4) if the measured PgOg exceeds the Pa02 
threshold, comparing the CO^ content with a 
first predetemnined CO2 threshold value; 
eS) tf the CO2 content exceeds the first prede- 5 
termined CO2 threshold value, altering the set- 
tings for respiratory rate (RR), positive end 
expiratory pressure (PEEP), peak inspiratory 
pressure (PIP) an*or dead space (DS) until 
the measured CO^ content no longer exceeds 10 
the first predetermined CO2 threshold value; 
e6) tf the CO2 content does not exceed the first 
predetermined CO2 threshold value, comparing 
the CO2 content with a second predetennined 
CO2 threshold value; is 
e7) if the CO2 content exceeds the second pre- 
determined CO2 threshold value, altering the 
settings of dead space (DS) and/or peak inspir- 
atory pressure (PIP) until the CO2 content does 
not exceed the second predetermined COg 20 
threshold value or until maximunVminimum val- 
ues for dead space and PIP are reached; 
e8) if the CO2 content does not exceed the sec- 
ond predetermined CO2 threshold value, com- 
paring the blood pressure with a 25 
predetermined blood pressure interval; 
e9) if the measured blood pressure falls within 
the predetermined blood pressure interval, 
ending step e); 

el 0) if the blood pressure falls outside the pre- so 
determined blood pressure interval, generating 
an alarm. 
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